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(54) ELECTRONIC CAMERA AND RECORDING MEDIUM ON WHICH 
IMAGE PROCESSING PROGRAM IS RECORDED 

(57) [Abstract] 
[ Problem to be Solved] 

An object of the present invention is to 
accurately achieve a desired target compression ratio 
in an image compressing operation by a digital camera 
or an image processing program. 
[ Solution] 

Results (a compression parameter X and the amount 
of compressed code Y) of test compressions are 
substituted into a relational expression "Y = g/ (X + c) 
+ h" to estimate undetermined parameters c, g, and h. 
An appropriate compression parameter for achieving a 
target compression ratio is calculated inversely from 
the relational expression thus determined and is used 
to execute actual compression. Standard values may be 
assumed to those parameters out of undetermined 
parameters that have an insignificant effect on the 
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accuracy of approximation of the relational expression 
in order to efficiently reduce the number of test 
compressions. In addition, the correlation between the 
amount of the code compressed by test compression and 
an undetermined parameter may be used in conjunction in 
order to efficiently reduce the number of test 
compressions. Furthermore, the correlations between 
undetermined parameters may be used in conjunction in 
order to efficiently reduce the number of test 
compressions . 

[ Claims for the Patent] 
[ Claim 1] 

An electronic camera including a compressor that 
adjusts a compression parameter (an adjustable element 
that affects the amount of compressed code in a process 
of compression) to compress image data to a target 
compression ratio range and image-capturing means for 
capturing an image of a subject to generate image data, 
said compressor compressing image data generated by 
said image-capturing means, characterized in that said 
compressor comprises: 

trial means for performing one or more test 
compressions of the image data; 

relational expression estimating means for 
substituting results (a compression parameter X, an 
amount of compressed code Y) of a test compression by 
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said trial means into a relational expression 

Y = g/(X + c) + h 
to estimate undetermined parameters c, g, and h in the 
relational expression; 

compression parameter calculating means for 
calculating an appropriate compression parameter for 
achieving a target compression ratio from a relational 
expression estimated by said relational expression 
estimating means; and 

compressing means for compressing the image data 
by using a compression parameter calculated by said 
compression parameter calculating means. 
[ Claim 2] 

The electronic camera according to claim 1, 
characterized in that said relational expression 
estimating means assumes a standard value (including 0) 
of the undetermined parameter h and applies a result of 
a text compression to the relational expression having 
the assumed value of the undetermined parameter h to 
determine the remaining undetermined parameters c and g. 
[ Claim 3] 

The electronic camera according to claim 1, 
characterized in that said relational expression 
estimating means assumes a standard value of the 
undetermined parameter c and applies a result of a test 
compression to the relational expression having the 
assumed value of the undetermined parameter c to 
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determine the remaining undetermined parameters h and g. 
[ Claim 4] 

The electronic camera according to claim 1, 
characterized in that said relational expression 
estimating means comprises: 

statistical estimation means for applying an 
amount of compressed code resulting from a test 
compression to "a correlation between an amount of 
compressed code Y and an undetermined parameter (g, h, 
or c) " statistically obtained beforehand to determine 
some of the undetermined parameters; and 

remaining parameter estimating means for applying 
a result of a test compression to relational expression 
in which the number of undermined parameters is reduced 
by said statistical estimation means to determine the 
remaining undetermined parameters. 
[ Claim 5] 

The electronic camera according to claim 1, 
characterized in that said relational expression 
estimating means determines values of the undetermined 
parameters c, g, and h on the basis of a relational 
expression into which a result of a test compression is 
substituted and a "correlation between undetermined 
parameters (a correlation between g and h, h and c, or 
c and g) . 
[ Claim 6] 

The electronic camera according to any one of 
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claims 1, 2, 4, and 5, characterized in that said 
relational expression estimating means adjusts the 
value of the undetermined parameter h so that c > 0, if 
c < 0 in the process of determining an undetermined 
parameter . 
[ Claim 7] 

A machine-readable recording medium on which an 
image processing program is recorded for causing a 
computer to function as a compressor according to any 
one of claims 1 to 6 . 

[ Detailed Description of the Invention] 
[ 0001] 

[ Technical Field of the Invention] 

The present invention relates to a technique of 
image compression processing in an electronic camera 
and an image processing program. In particular, the 
present invention relates to a technique for 
compressing image data to a desired compression ratio. 
[ 0002] 

[ Conventional Art] 

A large amount of image data handled in an 
electronic camera or a computer typically undergoes 
image compression (for example, JPEG compression) . The 
image compression processing may be performed through 
the following steps (1) to (6), for example. 
[ 0003] 
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(1) A target image data compression ratio is 
determined in accordance with an image quality setting 
for compression specified by a photographer (by 
selecting one of FINE /NORMAL /BASIC, for example) . 

(2) Image data consisting of luminance Y and 
chrominance Cb and Cr is divided into blocks of 8 x 8 
pixels, for example. Discrete cosine transform is 
applied to each of the blocks to obtain 8x8 discrete 
spatial frequency components. 

(3) A basic quantization table defining 
quantization levels for the 8x8 spatial frequency 
components is prepared. The basic quantization table 
is multiplied by a scale factor SF (a type of 
compression parameter) to obtain a quantization table 
to be actually used. 

(4) The quantization table obtained at step (3) 
is used to quantize each of the 8x8 spatial frequency 
components . 

(5) For a DC component of the quantized data, a 
predictive difference from the previous block is 
calculated and then coding for eliminating code 
redundancy is applied to the component. For an AC 
component, the component is zigzag scanned and then 
coding for eliminating code redundancy is applied to 
the component . 

(6) If the size of a compressed file (hereinafter 
referred to as "compression size") deviates from the 

- 6 - 



JPA2001-078192 



target compression ratio, the scale factor value SF is 
adjusted and then the process returns to step (3) . On 
the other hand, if the compression size is within a 
range of the target compression ratio, the image 
compression will end. 

Through the process described above, the image 
data can be compressed with a compression ratio within 
the target range. 
[ 0004] 

[ Problems to be Solved by the Invention] 

Electronic cameras in general require extra time 
for image processing as compared with film-based 
cameras. It is demanded that the time required for 
image processing be minimized. Therefore, an object of 
the present invention is to accurately determine a 
compression parameter that enables a target compression 
ratio to be achieved with a minimum number of test 
compressions in image compression processing. 
[ 0005] 

[ Means for Solving the Problems] 

Means for solving the problem will be described 
below in association with reference numerals and step 
numbers in embodiments. The association herein is for 
reference and not intended to limit the present 
invention . 
[ 0006] 

«Claim 1» 
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An aspect of the present invention according to 
claim 1, provides an electronic camera including a 
compressor (18) that adjusts a compression parameter 
(an adjustable element that affects the amount of 
compressed code in a process of compression) to 
compress image data to a target compression ratio range 
and image-capturing means (13) for capturing an image 
of a subject to generate image data, the compressor 
compressing image data generated by the image-capturing 
means, characterized in that the compressor includes: 
trial means for performing one or more test 
compressions of the image data; relational expression 
estimating means for substituting results (a 
compression parameter X, an amount of compressed code 
Y) of a test compression by the trial means into a 
relational expression 

"Y = g/(X + c) + h" to estimate undetermined 
parameters c, g, and h in the relational expression; 
compression parameter calculating means for calculating 
an appropriate compression parameter for achieving a 
target compression ratio from a relational expression 
estimated by the relational expression estimating 
means; and compressing means for compressing the image 
data by using a compression parameter calculated by the 
compression parameter calculating means. 
[ 0007] 

The inventor of the present invention has found 
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that the relation between a compression parameter X 
(scale factor in Figure 4) and the amount of compressed 
code Y (size of a compressed file in Figure 4) can be 
well approximated by 

relational expression: Y = g/ (X + c) + h 

... [1] 

as shown in an embodiment (Figure 4), which will be 
described later. According to the relational 
expression given above, as the compression parameter X 
approaches zero, the amount of compressed code Y 
increases and eventually is saturated to an upper limit 
[ g/c + h] . On the other hand, as the compression 
parameter X increases, the amount of compressed code Y 
decreases and eventually saturated to a lower limit [ h] . 
This means that the "relation between the compression 
parameter X and the amount of compressed code Y" 
characterized by a monotonically decreasing curve 
having upper and lower limits (so-called reverse S- 
shaped curve) on a double logarithmic chart can be well 
approximated in general by using the relational 
expression given above. 
[ 0008] 

Therefore the compressor of the present invention 
first substitutes results (compression parameter X and 
the amount of compressed code Y) of a test compression 
of image data into the relational expression to 
estimate the values of three undetermined parameters c, 
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g, and h respectively. The compressor calculates a 
value of the compression parameter X that is likely to 
be appropriate for achieving a target compression ratio 
by inversely calculating the relational expression thus 
estimated. The compressor uses the compression 
parameter X thus calculated to compress the image data. 
With this process, the "relation between the 
compression parameter X and the amount of compressed 
code Y" can be well approximated and a value of the 
compression parameter X that is likely to be 
appropriate for achieving the target compression ratio 
can be accurately obtained. 
[ 0009] 

Any number of test compressions required for 
estimating undetermined parameters c, g, and h in the 
process described above can be chosen. Because the 
relational expression includes three undetermined 
parameters c, g, and h, the undetermined parameters c, 
g, and h can be directly and uniquely determined on the 
basis of results of at least three independent test 
compressions. Conducting multiple regression analysis 
based on results of four or more test compression 
enables estimation of, the undetermined parameters c, g, 
and h excluding changing factors such as errors . The 
undetermined parameters c, g, and h can be estimated on 
the basis of results of two test compressions or less 
by also using statistical data and the like obtained 



JPA2001-078192 



beforehand, as set forth in claims, which will be 
described later. 
[ 0010] 

«Claim ~2» 

An aspect of the present invention according to 
claim 2 provides the electronic camera according to 
claim 1, characterized in that the relational 
expression estimating means assumes a standard value 
(including 0) of the undetermined parameter h and 
applies a result of a text compression to the 
relational expression having the assumed value of the 
undetermined parameter h to determine the remaining 
undetermined parameters c and g (step S10) . 
[ 0011] 

The solid curve in Figure 4 represents the 
results of fitting three adjusted undetermined 
parameters c, g, and h to actual measurements. The 
actual measurements (0 in Figure 4) are well 
approximated in a wide range from a low to high 
compression ratio (scale factors in the range from 0.03 
to 2 in the example) . On the other hand, the dashed 
curve in Figure 4 represents the results of fitting of 
two adjusted undetermined parameters g and h to actual 
measurements by assuming that the value of the 
undetermined parameter h is zero. In this case, the 
measurement values are well approximated in a limited 
range from a low to medium compression ratio (scale 
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factors in the range from approximately 0.03 to 
approximately 0.6). It can be seen from these results 
that the contribution of the undetermined parameter h 
is small and a good approximation can be obtained by 
adjusting only the two undetermined parameters c and g 
if the target compression ratio is in the range from a 
low to medium compression ratio. 
[ 0012] 

Therefore, the compressor according to claim 2 
first assumes to the undetermined parameter h to be a 
pre-calculated standard value. The compressor then 
applies results of test compression to the relational 
expression to determine the other undetermined 
parameters c and g. At that time, because the number 
of undetermined parameters to be determined is reduced 
to two, the number of test compressions can be also 
reduced to two. Considering the fact on approximations 
described above, the compressor may determine whether 
the target compression ratio is lower than a 
predetermined threshold and, if so, may automatically 
select the processing according to claim 2. 
[ 0013] 

«Claim 3» 

An aspect of the present invention according to 
claim 3 provides the electronic camera according to 
claim 1, characterized in that the relational 
expression estimating means assumes a standard value of 
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the undetermined parameter c and applies a result of a 
test compression to the relational expression having 
the assumed value of the undetermined parameter c to 
determine the remaining undetermined parameters h and g 
(step S12) . 
[ 0014] 

Figure 13 is a graph prepared by plotting the 
relational expression while changing the value of the 
undetermined parameter c. As can be seen from the 
graph, the undetermined parameter c has rather little 
effect on compression ratios in the range from medium 
to high. This result shows that the contribution of 
the undetermined parameter c is small and a good 
approximation can be obtained by adjusting only the two 
undetermined parameters h and g when the target 
compression ratio is in the range from medium to high. 
[ 0015] 

Therefore, the compressor according to claim 3 
assumes the undetermined parameter c to be a pre- 
calculated standard value. The compressor applies 
results of test compression to the relational 
expression to determine the remaining undetermined 
parameters h and g. At that time, because the number 
of the undetermined parameters to be determined is 
reduced to two, the number of test compressions can be 
also reduced to two. Considering the fact on 
approximations described above, the compressor may 
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determine whether the target compression ratio is 
higher than a predetermined threshold and, if so, may 
automatically select the process according to claim 3. 
[ 0016] 

«Claim 4» 

An aspect of the present invention according to 
claim 4 provides the electronic camera according to 
claim 1, characterized in that the relational 
expression estimating means includes: statistical 
estimation means for applying an amount of compressed 
code resulting from a test compression to "a 
correlation between an amount of compressed code Y and 
an undetermined parameter (g, h, or c) " statistically 
obtained beforehand to determine some of the 
undetermined parameters; and remaining parameter 
estimating means for applying a result of a test 
compression to the relational expression in which the 
number of undermined parameters is reduced by the 
statistical estimation means to determine the remaining 
undetermined parameters (step S34). 
[ 0017] 

The present inventor has found that a correlation 
exists between the amount of compressed code 
(compression size at scale factor of 0.1 in the 
embodiment) obtained in test compressions and each of 
the undetermined parameters c, g, and h as given in an 
embodiment (Figures 6 to 8) which will be described 
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later. Therefore, the compressor according to claim 4, 
first applies the amount of compressed code obtained in 
test compressions to correlations statistically 
obtained beforehand to determine some of the 
undetermined parameters c, g, and h. The compressor 
then applies results of the test compressions to the 
relational expression to determine the remaining 
parameter or parameters. Because the number of 
undetermined parameters to be determined by solving the 
relational expression is reduced, the number of test 
compressions can be efficiently reduced. 
[ 0018] 

«Claim 5» 

An aspect of the present invention according to 
claim 5 provides the electronic camera according to 
claim 1, characterized in that the relational 
expression estimating means determines values of the 
undetermined parameters c, g, and h on the basis of a 
relational expression into which a result of a test 
compression is substituted and a "correlation between 
undetermined parameters (a correlation between g and h, 
h and c, or c and g) (steps S54 and S58) . 
[ 0019] 

The present inventor has found that a correlation 
exists between the undetermined parameters as shown in 
an embodiment (Figures 10 to 12) which will be 
described later. Therefore, the compressor according 
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to claim 5 substitutes results of test compressions in 
simultaneous equations consisting of "correlations 
between undetermined parameters" and a "relational 
expression" and solves the simultaneous equations to 
determine the values of the undetermined parameters c, 
g, and h. Thus, the number of test compressions can be 
efficiently reduced by the number of correlations 
introduced . 
[ 0020] 

«Claim 6» 

An aspect of the present invention according to 
claim 6 provides the electronic camera according to any 
one of claims 1, 2, 4, and 5, characterized in that the 
relational expression estimating means adjusts the 
value of the undetermined parameter h so that c > 0, if 
c < 0 in the process of determining an undetermined 
parameter (steps Sll and S12) . 
[ 0021] 

If a result of a test compression contains 
extreme error variations or the number of test 
compressions are excessively reduced, the relation "c < 
0" can be result in the process of computation. This 
is an unrealistic relational expression indicating that 
the amount of compressed code Y diverges to an infinite 
value at a compression parameter "X = -c" . Therefore, 
the compressor according to claim 6 adjusts the value 
of the undetermined parameter h so that "c > 0" if "c < 
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0" results from the process of determining an 
undetermined parameter. As has been described earlier, 
the undetermined parameter h can take a value in a 
relatively flexible range except for cases of extremely 
high compression ratios. Therefore, by adjusting the 
value of the undetermined parameter h, the relation "c 
> 0" can be provided without decreasing the accuracy of 
approximation when the compression ratio is in the 
range from a low to medium. This can reliably avoid an 
unrealistic relational expression from being obtained. 
[ 0022] 

«Claim 7» 

Recorded on a machine-readable recording medium 
is an image processing program for causing a computer 
to function as a compressor according to any one of 
claims 1 to 6. Electronic cameras today are often 
configured as a system consisting of an image-capturing 
unit and a computer (including electronic organizers 
and the like) . By implementing a compressor on a 
computer having such a configuration by using a 
recording medium according to claim 7, an electronic 
camera according to one of claims 1 to 6 can be readily 
configured. Furthermore, by implementing the 
compressor on an independent computer, a system can be 
implemented that obtains image data from an electronic 
camera, communication medium, recording medium, scanner, 
or another program and applies the same image 



- 17 - 



JPA2001-078192 



compression processing as the present invention 
according to one of claims 1 to 6 to the image data. 
[ 0023] 

[ Embodiments of the Invention] 

Embodiments of the present invention will be 
described below with reference to the accompanying 
drawings . 
[ 0024] 

«First Embodiment» 

A first embodiment is an embodiment of an 
electronic camera corresponding to the invention 
according to claims 1, 2, 3, and 6. Figure 1 is a 
schematic block diagram illustrating a configuration of 
an electronic camera 10. The electronic camera 10 in 
Figure 1 is equipped with a photographic lens 11. An 
image-capturing element 13 is provided in the image 
space of the photographic lens 11. Image data 
generated at the image-capturing element 13 
sequentially undergo processing at a signal processor 
15, an A/D converter 16 and an image processor 17, and 
then is provided to a compressor 18 as digital image 
data. The compressor 18 performs JPEG compression on 
the image data and outputs compressed data to a 
recording unit 19. The recording unit 19 records the 
compressed image data on a recording medium (not shown) 
such as a memory card. 
[ 0025] 
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In addition, the electronic camera 10 includes a 
control unit 21 for controlling the system, operating 
buttons 24 through which camera operations are 
performed and a mode is set. Figures 2 and 3 show a 
flowchart of an image compression operation performed 
in the compressor 18. The image compression operation 
that characterizes the present invention will be 
described with reference to Figures 2 and 3. 
[ 0026] 
[ Step SI] 

First, the compressor 18 communicates with the 
control unit 21 to obtain a setting of image quality 
for compression (FINE, NORMAL, BASIC or the like in 
this example) selected using the operating buttons 24. 
The compressor 18 determines a target compression ratio 
(1/4 compression, 1/8 compression, or 1/16 compression 
in this example) . The compressor 18 sets the initial 
values of the following parameters according to this 
target compression ratio. 

■ Basic quantization table 

■ Allowable compression size Sspan 

• Initial scale factor SF1 

• Lower limit of scale factor SFmin 

• Discontinuation scale factor SF4 
[ Step S2] 

The compressor 18 multiplies all elements in the 
basic quantization table selected at step SI by the 
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initial scale factor SF1 to generate a quantization 
table for test compressions. 
[ Step S3] 

The compressor 18 uses the quantization table for 
test compressions to JPEG-compress the image data. The 
compressor 18 stores the size SI of the compressed file. 
[ Step S4] 

The compressor 18 applies the results of one test 
compression to statistical data stored beforehand to 
estimate an appropriate scale factor SF2 for achieving 
the target compression ratio. The procedure of the 
estimation is not relevant to the present invention and 
therefore will not be described herein. The procedure 
is detailed in Japanese Patent Application No. 10- 
284531 filed by the applicant in the past. 
[ 0027] 
[ Step S5] 

The compressor 18 limits the scale factor SF2 
with the lower limit SFmin. 
[ Step S6] 

The compressor 18 multiplies all elements in the 
basic quantization table selected at step SI by the 
scale factor SF2 to generate a quantization table. 
[ Step S7] 

The compressor 18 uses the generated quantization 
table to JPEG-compress the image data. The compressor 
18 stores the size S2 of the compressed file. 



- 20 - 



JPA2001-078192 



[ Step S8] 

The compressor 18 determines whether the 
compression size S2 falls within the allowable range 
Sspan. If the compression size S2 is outside the 
allowable range Sspan, the compressor 18 proceeds to 
step S9. On the other hand, if the compression size S2 
falls within the allowable range Sspan, the compressor 
18 determines that desired image compression has been 
achieved, and ends the compression process. 
[ Step S9] 

The compressor 18 determines whether the 
conditions that "the compression ratio of the current 
compression is higher than the target compression 
ratio" and the "the scale factor SF2 is equal to the 
lower limit SFmin" hold. If both conditions hold, it 
can be estimated that the image data to be compressed 
will be special data having an extremely small 
information amount. The compressor 18 therefore 
discontinues the compression process with the result of 
the last image compression. On the other hand, if the 
conditions do not hold, the compressor 18 proceeds to 
step S10. 
[ Step S10] 

The compressor 18 first assumes an undetermined 
parameter h as a standard value hO (for example, zero) . 
By substituting results of two test compressions (SF1, 
SI), (SF2, S2) into the relational expression, 
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SI = g/ (c + SF1) + hO 



[ 2] 



S2 = g/ (c + SF2) + hO 



... [3] 



can be obtained. The compressor 18 solves the 
equations to obtain 

c = [ SF2 (S2 - hO) - SF1 (SI - hO)] /(SI - S2) 

... [4] 



thus determining the values of the remaining 

undetermined parameters c and g. 

[ 0028] 

[ Step Sll] 

The compressor 18 determines whether the 
determined parameter c is a negative or positive value. 
If the value of the parameter c is negative, the 
compressor 18 determines that the relational expression 
obtained at step S10 is unrealistic, and proceeds to 
step S12. On the other hand, if the value of the 
parameter c is positive or zero, the compressor 18 
directly proceeds to step S13. 
[ Step S12] 

The compressor assumes c to be a standard value 
cO (where cO > 0) . By substituting the results (SFl, 
SI) and (SF2, S2) of two test compressions into the 
relational expression, 

51 = g/ (cO + SFl) + h . . . [ 6] 

52 = g/ (cO + SF2) + h . . . [ 7] 
can be obtained. The compressor 18 solves the 



g = (c + SF2) (S2 - hO) 



... [5] 
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equations to obtain 

h = [ S2 (cO + SF2) - SI (cO + SFl)] / ( SF2 - SF1) 

... [8] 

g = (cO + SF2) (S2 - h) . . . [ 9] 

thus determining the remaining undetermined parameters 
g and h. This process is equivalent to adjusting the 
value of the undetermined parameter h using Equation 
[ 8] to change the relation to c > 0 . 
[ Step S13] 

The compressor 18 inversely calculates a scale 
factor SF3 that is likely to be appropriate for 
achieving the target compression ratio from a 
relational expression including the determined 
parameters c, g, and h as 

SF3 = g/ (T - h) - c . . . [ 10] 

(where "T = amount of image code before compression x 
target compression ratio"). 
[ Step S14] 

The compressor 18 limits the value of the scale 
factor SF3 with the lower limit SFmin. 
[ 0029] 
[ Step S15] 

The compressor 18 multiplies all elements in the 
basic quantization table selected at step SI by the 
scale factor SF3 to generate a quantization table. 
[ Step S16] 

The compressor 18 uses the generated quantization 
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table to JPEG-compress the image data. The compressor 
18 stores the size S3 of the compressed file. 
[ Step S17] 

The compressor 18 determines whether the 
compression size falls within the allowable range Sspan. 
If the compression size S3 is outside the allowable 
range Sspan, the compressor 18 proceeds to step S18. 
On the other hand, if the compression size S3 falls 
within the allowable range Sspan, the compressor 18 
determines that desired image compression has been 
achieved, and ends the compression process. 
[ Step S18] 

The compressor 18 determines whether the 
conditions that "the compression ratio of the current 
compression ratio is higher than the target compression 
ratio" and "the scale factor SF3 is equal to the lower 
limit SFmin". If both conditions hold, it can be 
estimated that the image data to be compressed is 
special data having an extremely small information 
amount. Therefore, the compressor 18 discontinues the 
image compression with the result of the last 
compression. On the other hand, if the conditions do 
not hold, the compressor 18 proceeds to step S19. 
[ Step S19] 

The compressor 18 multiplies all elements in the 
basic quantization table selected at step SI by the 
discontinuation scale factor SF4 to obtain a 
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quantization table. 
[ Step S20] 

The compressor 18 uses the obtained quantization 
table to JPEG-compress the image data. The compressor 
18 stores the size S4 of the compressed file. 
[ 0030] 
[ Step S21] 

The compressor 18 determines whether the 
compression size S4 is less than the (upper limit of 
the allowable range Sspan) . If the compression size S4 
exceeds the (upper limit of the allowable range Sspan) , 
the compressor 18 proceeds to step S22. On the other 
hand, if the compression size S4 satisfies the weak 
condition that the (upper limit of the allowable Sspan) 
should not be exceeded, the compressor 18 determines 
that desired image compression has been achieved, and 
ends the compression process. 
[ Step S22] 

The compressor 18 determines whether the number 
of trial compressions has exceeded a limit. If the 
limit has been exceeded, the compressor 18 discontinues 
the compression process with the result of the last 
compression. On the other hand, if the limit of trials 
has not been exceeded, the compressor 18 proceeds to 
step S23. 
[ Step S23] 

The compressor 18 multiplies the current scale 
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factor SF4 by a predetermined factor (for example 1.5) 
and then returns to step S19. 

Through the sequence of operations described 
above, image data is appropriately compressed by 
flexibly responding to the result of each trial 
compression in the first embodiment. 
[ 0031] 

(Advantages and others of the first embodiment) 

The solid curve and dashed curve in Figure 4 
represent plots of the relational expressions 
determined in the first embodiment. As shown in Figure 
4, these curves well approximate the actual 
measurements (0 in Figure 4) tracing out a reverse S- 
shaped curve. With the good approximation, a scale 
factor SF3 that is likely to be appropriate for 
achieving a target compression ratio can be accurately 
determined. In the first embodiment, a standard value 
hO is first assumed to the undetermined parameter h. 
Accordingly, the remaining undetermined parameters c 
and g can be determined on the basis of the results of 
at least two test compressions. Furthermore, if a 
negative value of the undetermined parameter c is 
obtained in the process of determining the values of 
undetermined parameters, the value of the undetermined 
parameter c is changed to cO (> 0) and the changed 
value is used to determine the values of the remaining 
undetermined parameters h and g in the first embodiment. 
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Thus, the undetermined parameter c does not settle at a 
negative value and therefore a realistic relational 
expression can always be obtained. Another embodiment 
will be described next. 
[ 0032] 

[ Second embodiment] 

A second embodiment is an embodiment of an 
electronic camera corresponding to the invention 
according to claims 1 and 4. The general configuration 
of the electronic camera is the same as that in the 
first embodiment (Figure 1) and therefore the 
description of which will be omitted here. In the 
second embodiment, a developer of the electronic camera 
statistically should have obtained a correlation 
between compression size and each parameter c, g, h in 
preparation for test compressions beforehand. A 
procedure of the preparation will be described below. 

(1) First, the developer provides as many and 
various test images as possible. 

(2) The developer repeats JPEG compression of 
each test image while changing the scale factor to 
obtain actual measurement data on (scale factor and 
compression size) . Figure 5 shows actual measurement 
data on each test image thus obtained. 

(3) The developer performs multiple linear 
regression analysis of each test image to obtain values 
of undetermined parameters c, g, and h that provide the 
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smallest sum of squares of the error between the actual 
measurement data and the relational expression. 

(4) The developer plots compression sizes and the 
values of undetermined parameters c, g, and h (♦ in 
Figures 6 to 8) of each image at a scale factor SF of 
0.1 to obtain correlations as shown in Figures 6 to 8 . 

(5) The developer approximates the correlations 
in Figures 6 to 8 using a least-squares method or the 
like and records the resulting approximate expressions 
(or table data) in a non-volatile memory inside the 
compressor 18 as the correlations. 

With the procedure described above, the 
preparation is completed. Figure 9 is a flowchart 
illustrating an image compression operation in the 
compressor 18. The image compression operation that 
characterizes the present invention will be described 
with reference to Figure 9. 
[ 0033] 
[ Step S31] 

First, the compressor 18 selects an initial scale 
factor SF1 (here, SFl = 0.1) corresponding to a target 
compression ratio. 
[ Step S32] 

The compressor 18 JPEG-compresses the image data 
with the initial scale factor SFl. 
[ Step S33] 

The compressor 18 determines whether the 
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compression size SI of the first compression falls 
within a range of the target compression ratio. If the 
compression size SI is out of the range of the target 
compression ratio, the compressor 18 proceeds to step 
S34. On the other hand, if the compression size SI is 
within the range of the target compression ratio, the 
compressor 18 determines that desired image compression 
has been achieved, and ends the compression process. 
[ Step S34] 

The compressor 18 applies the compression size SI 
to approximate expressions or the like of pre- 
calculated correlations (Figures 6 and 7) to estimate 
the undetermined parameters g and h. 
[ 0034] 
[ Step S35] 

The compressor 18 substitutes results (SF1, SI) 
of one test compression (SF1, SI) into a relational 
expression with estimated values of undetermined 
parameters g and h to determine the remaining 
undetermined parameter c. 
[ Step S36] 

The compressor 18 calculates an appropriate scale 
factor SF2 for achieving the target compression ratio 
inversely from the relational expression with the 
determined values of the parameters c, g, and h. 
[ Step S37] 

The compressor 18 JPEG-compresses image data with 
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the scale factor SF2 . 
[ Step S38] 

The compressor 18 determines whether the 
compression size S2 of the second compression falls 
within the range of the target compression ratio. If 
the compression size S2 is out of the range of the 
target compression ratio, the compressor 18 proceeds to 
step S39. On the other hand, if the compression size 
S2 is within the range of the target compression ratio, 
the compressor 18 determines that desired image 
compression has been achieved, and ends the compression 
process . 
[ Step S39] 

The compressor 18 substitutes results (SFl, SI) 
and (SF2, S2) of the two compressions into the 
relational expression with g estimated at step S34 to 
determine the remaining undetermined parameters c and h. 
[ Step S40] 

The compressor 18 inversely calculates an 
appropriate scale factor SF3 for achieving the target 
compression ratio from the relational expression with 
determined values of parameters c, g, and h. 
[ 0035] 
[ Step S41] 

The compressor 18 JPEG-compresses the image data 
with the scale factor SF3. 
[ Step S42] 
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The compressor determines whether the compression 
size S3 falls within the range of the target 
compression ratio. If the compression size S3 is out 
of the range of the target compression ratio, the 
compressor 18 proceeds to step S43. On the other hand 
if the compression size S3 is within the range of the 
target compression ratio, the compressor 18 determines 
that desired image compression has been achieved, and 
ends the compression process, 
t Step S43] 

The compressor 18 substitutes the results (SFl, 
SI), (SF2, S2), and (SF3, S3) of the three test 
compressions into the relational expression to 
determine the values of undetermined parameters c, g, 
and h. 
[ Step S44] 

The compressor 18 inversely calculates a scale 
factor SF4 that is likely to be appropriate for 
achieving the target compression ratio from the 
relational expression with the determined values of the 
parameters c, g, and h. 
[ Step S45] 

The compressor 18 JPEG-compresses the image data 
with the scale factor SF4 . 

Through the sequence of operations described 
above, image data is appropriately compressed by 
flexibly responding to the result of each trial 
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compression in the second embodiment as well. 
[ 0036] 

(Advantages and others of the second embodiment) 

According to the second embodiment, first the 
compression size SI resulting from test compression is 
applied to approximate expressions of statistically 
obtained correlations (Figures 6 and 7) to estimate 
undetermined parameters g and h. Consequently, the 
number of undetermined parameters to be determined by 
solving the relational expression is reduced and 
therefore the number of test compressions can be 
efficiently reduced. The correlation between the 
undetermined parameter g and compression size is 
especially strong compared with the other correlations 
as shown in Figure 6. Therefore, the value of the 
undetermined parameter g can be determined from the 
compression size resulting from test compressions with 
a very high degree of accuracy. The parameter g thus 
determined is preferentially used in the third image 
compression in the second embodiment described above. 
Consequently, the probability that the target 
compression ratio will be achieved in the third image 
compression will be considerably high. Another 
embodiment will be described next. 
[ 0037] 

«Third Embodiment» 

A third embodiment is an embodiment of an 
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electronic camera corresponding to the invention 
according to claims 1 and 5. The general configuration 
of the electronic camera is the same as that in the 
first embodiment (Figure 1), the description of which 
will be omitted here. In the third embodiment, a 
developer of the electronic camera statistically should 
have obtained correlations between parameter c, g, and 
h in preparation for test compressions beforehand. A 
procedure of the preparation will be described below. 

(1) First, the developer provides as many and 
various test images as possible. 

(2) The developer repeats JPEG compression of 
each test image while changing the scale factor to 
obtain many actual measurement data on (scale factor 
and compression size) . Figure 5 shows actual 
measurement data on each test image thus obtained. 

(3) The developer performs multiple linear 
regression analysis of each test image to obtain values 
of undetermined parameters c, g, and h that provide the 
smallest sum of squares of the error between the actual 
measurement data and the relational expression. 

(4) The developer plots values of the 
undetermined parameters c, g, and h for each image to 
obtain three correlations as shown in Figures 10 to 12. 

(5) The developer approximates the correlations 
in Figures 10 to 12 by using a least-squares method or 
the like and records the resulting approximate 



- 33 - 



JPA2001-078192 



expressions (or table data) in a non-volatile memory 
inside the compressor 18 as the correlations. 

With the procedure described above, the 
preparation is completed. Figure 14 is a flowchart 
illustrating an image compression operation in the 
compressor 18. The image compression operation that 
characterizes the present invention will be described 
with reference to Figure 14 . 
[ 0038] 
[ Step S51] 

First, the compressor 18 selects an initial scale 
factor SF1 corresponding to a target compression ratio. 
[ Step S52] 

The compressor 18 JPEG-compresses the image data 
with the initial scale factor SF1. 
[ Step S53] 

The compressor 18 determines whether the 
compression size SI of the first compression falls 
within a range of the target compression ratio. If the 
compression size SI is out of the range of the target 
compression ratio, the compressor 18 proceeds to step 
S54. On the other hand, if the compression size SI is 
within the range of the target compression ratio, the 
compressor 18 determines that desired image compression 
has been achieved, and ends the compression process. 
[ Step S54] 

The compressor 18 solves simultaneous equations 
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of a relational expression into which results of one 

test compression are substituted and approximate 

expressions of correlations (Figures 10 and 11) 

obtained beforehand, thereby estimating the values of 

undetermined parameters c, g, and h. 

[ 0039] 

[ Step S55] 

The compressor 18 inversely calculates an 
appropriate scale factor SF2 for achieving the target 
compression ratio from the relational expression with 
the determined values of the parameters c, g, and h. 
[ Step S56] 

The compressor 18 JPEG-compresses image data with 
the scale factor SF2 . 
[ Step S57] 

The compressor 18 determines whether the 
compression size S2 of the second compression falls 
within the range of the target compression ratio. If 
the compression size S2 is out of the range of the 
target compression ratio, the compressor 18 proceeds to 
step S58. On the other hand, if the compression size 
S2 falls within the range of the target compression 
ratio, the compressor 18 determines that desired image 
compression has been achieved, and ends the compression 
process . 
[ Step S58] 

The compressor 18 solves simultaneous equations 
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of a relational expression into which the results of 
the two test compressions are substituted and an 
approximate equation of the correlation (Figure 10) to 
estimate the values of the undetermined parameters c, g, 
and h . 
[ Step S59] 

The compressor 18 calculates an appropriate scale 
factor SF3 for achieving the target compression ratio 
inversely from the relational expression with the 
determined values of the parameters c, g, and h. 
[ Step S60] 

The compressor 18 JPEG-compresses the image data 
with the scale factor SF3. 
t 0040] 
[ Step S61] 

The compressor 18 determines whether the 
compression size S3 of the third compression falls 
within the range of the target compression ratio. If 
the compression size S3 is out of the range of the 
target compression ratio, the compressor 18 proceeds to 
step S62. On the other hand, if the compression size 
S3 falls within the range of the target compression 
ratio, the compressor 18 determines that desired image 
compression has been achieved, and ends the compression 
process . 
[ Step S62] 

The compressor 18 substitutes the results (SF1, 
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SI), (SF2, S2) and (SF3, S3) of the three test 
compressions into the relational expression and solves 
the relational expression to determine the undetermined 
parameters c, g, and h. 
[ Step S63] 

The compressor 18 calculates an appropriate scale 
factor SF4 for achieving the target compression ratio 
inversely from the relational expression with the 
determined values of the undetermined parameters c, g, 
and h . 
[ Step S64] 

The compressor 18 JPEG-compresses the image data 
with the scale factor SF4. 

Through the sequence of operations described 
above, image data is appropriately compressed by 
flexibly responding to the result of each trial 
compression in the third embodiment. 
[ 0041] 

(Advantages and others of the third embodiment) 

According to the third embodiment, the number of 
test compressions can be efficiently reduced by also 
using correlations (Figures 10 and 11) statistically 
obtained beforehand. 
[ 0042] 

« Further notes on the embodiments» 

While scale factors are used as compression 
parameters in the embodiment describe above, the 
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present invention is not so limited. In general, good 
approximation can be obtained by applying the 
relational expression of the present invention by 
selecting compression parameters from among adjustable 
factors affecting the amount of compressed code in the 
process of compression that have a relation with the 
amount of compression code that traces out a reverse S- 
shaped curve. In the embodiments described above, 
compression sizes that result from test compressions of 
entire image data are used as the amounts of compressed 
code of the present invention, the present invention is 
not limited to this. For example, pixel blocks of 
image data may be subsampled to a fraction of the 
quantity of the image, then test compression may be 
applied to the subsampled image data, and the 
compression size of the test compression may be used as 
the size of compressed code in the present invention. 
Furthermore, while embodiments of an electronic camera 
have been described, the present invention is not 
limited to this. For example, one of the flowcharts of 
Figures 2, 3, 9, and 14 may be written as an image 
processing program and the image processing program may 
be stored in a recording medium. By executing the 
image processing program on a computer, the same 
effects and advantages as those of the embodiments 
described above can be achieved. While correlations 
shown in Figures 8 and 12 are not used in the second 
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and third embodiment described above, the present 
invention is not so limited. The correlations may also 
be used to reduce the number of test compressions, of 
course . 
[ 0043] 

[ Advantages of the Invention] 

In an aspect of the invention according to claim 

1, the "relation between compression parameter X and 
the amount of compressed code Y" that traces out a 
reverse S-shaped curve can be well approximated in a 
wide range by using the relational expression "Y = g/ (X 
+ c) + h" . A compression parameter X that is likely to 
appropriate for achieving a target compression ratio 
can be obtained by inversely calculating the relational 
expression with a high degree of accuracy inversely. 

[ 0044] 

In an aspect of the invention according to claim 

2, an undetermined parameter h is assumed first and 
then the remaining undetermined parameters c and g are 
determined. Because the number of undetermined 
parameters to be determined is reduced, the number of 
test compressions can be efficiently reduced. 

[ 0045] 

In an aspect of the invention according to claim 

3, an undetermined parameter c is assumed first and 
then the remaining undetermined parameters h and g are 
determined. Because the number of undetermined 
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parameters to be determined is reduced, the number of 
test compressions can be efficiently reduced. 
[ 0046] 

In an aspect of the invention according to claim 

4, the amount of compressed code resulting from a test 
compression is assigned into the "correlation between 
the amount of compressed code Y and an undetermined 
parameter" to determine some of undetermined parameters 
c, g, and h. Therefore, the number of undetermined 
parameters to be determined by solving the relational 
expression is reduced. Consequently, the number of 
test compressions can be reduced. 

[ 0047] 

In an aspect of the invention according to claim 

5, results of test compressions are substituted into 
simultaneous equations consisting of "correlations 
between undetermined parameters" and the "relational 
expression" and solve the simultaneous equations to 
determine the values of undetermined parameters c, g, 
and h. In this aspect, the number of test compressions 
can be efficiently reduced by the number of 
correlations introduced. 

[ 0048] 

In an aspect of the invention according to claim 

6, if c < 0 results from the process of determining an 
undetermined parameter, the value of the undetermined 
parameter h is adjusted so that c > 0. Therefore, a 
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realistic relational expression can always be 
determined . 
[ 0049] 

A compressor according to one of claims 1 to 6 
can be implemented on a computer by using the recording 
medium according to claim 7 . 

[ Brief Description of the Drawings] 
[ Figure 1] 

Figure 1 is a schematic block diagram 
illustrating a configuration of an electronic camera 10. 
[ Figure 2] 

Figure 2 is a flowchart (the first half) 
illustrating an image compression operation according 
to a first embodiment. 
[ Figure 3] 

Figure 3 is a flowchart (the last half) 
illustrating the image compression operation according 
to the first embodiment. 
[ Figure 4] 

Figure 4 is a plot of a relational expression 
determined in the first embodiment. 
[ Figure 5] 

Figure 5 is a plot of the relation between scale 
factor and compression size of various test images. 
[ Figure 6] 

Figure 6 is a diagram showing a correlation 
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between "the amount of compressed code resulting from 
test compression" and "undetermined parameter g". 
[ Figure 7] 

Figure 7 is a diagram showing a correlation 
between "the amount of compressed code resulting from 
test compression" and "undetermined parameter h". 
[ Figure 8] 

Figure 8 is a diagram showing a correlation 
between "the amount of compressed code resulting from 
test compression" and "undetermined parameter c" . 
[ Figure 9] 

Figure 9 is a flowchart illustrating an image 
compression operation according to a second embodiment. 
[ Figure 10] 

Figure 10 is a diagram showing a correlation 
between "undetermined parameter g" and "undetermined 
parameter h" . 
t Figure 11] 

Figure 11 is a diagram showing a correlation 
between "undetermined parameter c" and "undetermined 
parameter g" . 
[ Figure 12] 

Figure 12 is a diagram showing a correlation 
between "undetermined parameter c" and "undetermined 
parameter h" . 
[ Figure 13] 

Figure 13 is a diagram for explaining the effect 
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of undetermined parameter c. 
[ Figure 14] 

Figure 14 is a flowchart illustrating an image 
compression operation according to a third embodiment. 

[ Description of Symbols] 
10 Electronic camera 
18 Compressor 



JPA2001-078192 



Figure 1 

10 Electronic camera 

11 Photographic lens 

13 Image-capturing element 

15 Signal processor 

16 A/D converter 

17 Image processor 

18 Compressor 

19 Recording unit 
21 Control unit 

24 Operating buttons 

Figure 2 

#1 Image compression processing 

51 Initialize following parameters in accordance 
with target compression ratio. 

• Basic quantization table 

• Allowable compression size range Sspan 

• Initial scale factor SF1 

• Lower limit of scale factor SFmin 

• Discontinuation scale factor SF4 

52 Multiply all elements in basic quantization table 
by initial scale factor SF1 to obtain 
quantization table 

53 JPEG-compress image data by using obtained 
quantization table 
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54 Apply results of one compression to statistical 
data to estimate scale factor SF2 

55 If SF2 < SFmin, limit SF2 to SFmin 

56 Multiply all elements in basic quantization table 
by scale factor SF2 to obtain quantization table 

57 JPEG-compress image data using obtained 
quantization table 

Figure 3 

58 Compression size S falls within allowable range 
Sspan? 

59 Compression ratio is higher than target 
compression ratio and SF2 = SFmin? 

510 Substitute results of two test compressions into 
relational expression in which h = 0 is assumed 
to determine undetermined parameters c and g 

511 c < 0? 

512 Adjust h such that c = cO (> 0) and determine g 

513 Calculate appropriate scale factor SF3 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameter c, g, and h 

514 If SF3 < SFmin, limit SF3 to SFmin 

515 Multiply all elements in basic quantization table 
by scale factor SF3 to obtain quantization table 

516 JPEG-compress image data by using obtained 
quantization table 
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517 Compression size S falls within allowable range 
Sspan? 

518 Compression ratio is higher than target 
compression ratio and SF3 = SFmin? 

519 Multiply all elements in basic quantization table 
by discontinuation scale factor SF4 to obtain 
quantization table 

520 JPEG-compress image data by using obtained 
quantization table 

521 Compression size S is less than (upper limit of 
allowable range Sspan)? 

522 Compression trial count exceeds limit? 
#1 End 

Figure 4 

#1 Compression size 

#2 Fitting by relational expression 
#3 Actual measurements 
#4 Sale factor 

Figure 5 

#1 Mount of code (logarithmic scale) 

#2 Compressed to 1/4 

#3 Compressed to 1/8 

#4 Compressed to 1/16 

#5 Scale factor (logarithmic scale) 
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Figure 6 

#1 Value of g 

#2 Correlation between "amount of compressed code" 
and "g" 

#3 Compression size (bytes) at SF = 0.1 
Figure 7 

#1 Value of h 

#2 Correlation between "amount of compressed code" 
and "h" 

#3 Compression size (bytes) at SF = 0.1 
Figure 8 

#1 Value of c 

#2 Correlation between "amount of compressed code" 
and "c" 

#3 Compression size (bytes) at SF = 0.1 

Figure 9 
#1 Start 

531 Set initial scale factor SF1 corresponding to 
target compression ratio 

532 JPEG-compress image data with initial scale 
factor SF1 

533 Compression size falls within range of target 
compression ratio? 
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534 Apply compression size S to statistically 
obtained "correlation between amount of 
compressed code and undetermined parameters" to 
estimate undetermined parameters g and h 

535 Substitute results of one compression into 
relational expression with fixed h and g to 
determine undetermined parameter c 

536 Calculate appropriate scale factor SF2 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameter c, g, and h 

537 JPEG-compress image data with scale factor SF2 

538 Compression size falls within range of target 
compression ratio? 

539 Substitute results of two test compressions into 
relational expression with fixed g to determine 
undetermined parameters c and h 

540 Calculate appropriate scale factor SF3 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameter c, g, and h 

541 JPEG-compress image data with scale factor SF3 

542 Compression size falls within range of target 
compression ratio? 

543 Substitutes results of three test compressions 
into relational expression to determine 
undetermined parameters c, g, and h 
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544 Calculate appropriate scale factor SF4 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameter c, g, and h 

545 JPEG-compress image data with scale factor SF4 
#2 End 

Figure 10 

#1 Value of h 

#2 Correlation between g and h 
#3 Value of g 

Figure 11 

#1 Value of g 

#2 Correlation between c and g 
#3 Value of c 

Figure 12 

#1 Value of h 

#2 Correlation between c and h 
#3 Value of c 

Figure 13 

#1 Amount of compressed code 

#2 Small 

#3 Large 

#4 Low compression 
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#5 High compression 

#6 Compression parameter 

Figure 14 
#1 Start 

551 Set initial scale factor SFl corresponding to 
target compression ratio 

552 JPEG-compress image data with initial scale 
factor SFl 

553 Compression size is within range of target 
compression ratio? 

554 Substitute results of one test compression into 

• relational expression 

■ statistically obtained "correlation between h 
and g" and 

• statistically obtained "correlation between c 
and g" 

to determine undetermined parameters c, g, and h 

555 Calculate appropriate scale factor SF2 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameters c, g, and h 

556 JPEG-compress image data with scale factor SF2 

557 Compression size is within range of target 
compression ratio? 

558 Substitute results of two test compressions into 

■ relational expression and 
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■ statistically obtained "correlation between h 
and g" 

to determine undetermined parameters c, g, and h 

559 Calculate appropriate scale factor SF3 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameters c, g, and h 

560 JPEG-compress image data with scale factor SF3 

561 Compression size is within range of target 
compression ratio? 

562 Substitute results of three test compressions 
into relational expression to determine 
undetermined parameters c, g, and h 

563 Calculate appropriate scale factor SF4 for 
achieving target compression ratio by inversely 
calculating relational expression with determined 
parameters c, g, and h 

564 JPEG-compress image data with scale factor SF4 
#2 End 
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(3) 8 x BfflroSBBflSESc^tJj-f 

o ©satft^fcT— 7*/kc77— wr^sF (£BB-"« 

7>fc#5 0 

(4) J^T?#fc**{fc^-7>4:JB^t\ 8X8flS© 

(5) *Hfcfc©7*-*©l*J, DCJ*#fco^TttiBJ> 
7-n y * £ ©* jHSSfcfc t o fc±-e#*5Efitt«rB#1- 

(6) JESS^T^/HNf* (J^T fffiftlU'XJ fc 

^sF©fttsWELiaufcft, ±e (3) icii^M 

KJ:©J:54»lfrtJ:9. il^r-^&SSEffi*©® 
[0 0 0 4] 

mm * 7 cit'<TB»«Hi©«*H« t **t«fti-5. 
-e©fc«>, m^TJ / 7 ©ME^oiM&Rtt* ^ 7 4 



[0 0 0 5] 

fc©¥a«:Sll!IJ1-a. 4$. ^TJWtfl&ttrttt, 
[0 0 0 6] <{|f*JS 1 )) 1 (i£*©|EfWtt, EE 

m&mcomft^m-tz&miikmi® as) t« 

S¥*S:18ikLTiift? f -#tfeSi-5a**ft (1 

3) km*-. Sft*aT4d^fcB«7*-**EE8*i 

t, «ff*afc.fc3T*hE8©gS (Ei6s<y*—}r 
X, BEf@ft^-*Y) fcBB«SCrY-g/ (X+c) + 
hJfdftALT, ■«3CPO*S^9^-*c 1 g, h 

fc Hfli*; A » b , S $Ef§* £ ?# 5 W fcii fljfcffft* 7 

[0007] **©»?&*«, wfctzt&mn m 

4) fcjjcf-J;5fc, ESs^7^-^X (H4-ett^4r- 
;U7r??) fcBE«m^i;Y (B4-CBStt«©7 7-r 

Hffi£: Y=g/ (X+c) +h • • ■ [1] 
[z. J: 9 &»fcffi!H-e£ set Lfc. ±ta»Bi^s; 

ffiF-§*YH*MQU ft»«ttt±R«[ [g/c + h] (C 

X. iE*8flF#4Yl±»'>U ft»WtltTBMt [h] K 
S§fn+3„ i-4t»*>. ±e©BMSS£ffl^T, fi*Hft^ 
7 7±T-JiTPSttUT¥»>-r5*-7' (i^fci** 

SWfS-fiY t©KHSj rfc^T* 
5. 

[0008] *«fl«Effi*aaai-cii, *1\ 

Httr-^Wx^HEHSISft (DE^7^-^X, jEfg 
7^-^c, g, BE 

Sr»lli1-5 0 EtfS&S^te, r©J:?fcJM}LfcEE«/< 
7^-*X£ffl^-C« H*f-*4-E«1-S. ^©J:? 
ftft9KU;») 4 rEjg,<?*-*xiE8«F*tYi:© 



jE fc B*jii6ffi«/<? / - * X £IE*fc*©5 r fc #v 
looo9] ftia, JbJHeatjav^-c. *^<7^-? 

eg, h*mmA^--mimfei-%^tfrx°ii 

fc,*^?^^, g, hirltsi-s-fc^-e* 

[0010] Ct*#« 2 » IS*« 2 1 E« ©JEW tt, It 

[0 0 1 1] H 4 *©*»*-?*«:. 3o«*^7A 

V^E (Z:tli^^77^0. 03~2©®S 

ia4f©iK^^-7"li, ^v^-i? 
hSr-tfntfijfeLfc±T\ 2o»*^7/-?g, h 
30 ^PMLT, M»7^ yf^ y^S*fca*-efc 
«. r.©»&. [SB=fflA»e>«fJBIBST-©lfif>*T,t«H 
(iirftl^^-^r^^o. 0 3-0..6SS©© 

®E^^4'ffi^i-C©B^E»T-feti 
tf, *3e/<5>-^h©«*M:^ft<. 2o©*S^7 

[00123 B*«2fciaft©jai*ftaiastt, 

40 g[fcfi3fet«. -t©±T*. Eli^aiPli, y-* hj±^ 
Jk*W&X.*>XaLibX. «9©*£/<7^-^c g 
£fc!£1-5. d©fct, «fe£1-'<#*^'«7^'-^©» 
tt2ot*t5©-e. xxhES©[Hl^:S:2iB]^T'S^ 
1-5lt^Brfi6tft5.-4*s. ±MLfcafa©»S:# 
*t5rtk:i9, ff«*Hl«5*!. aaBE«*^3f^© 

*«2fcE«©«Hi«riftWl+5J:5K:UT|>±v\ 

[0013] 3 )) 3 iria«©?i0^tts is 

50 t±, *5e^7^-<? c U *^^7 



5 

[00 14] 11 314, c*£fc£-&4 
mUfrfay M-feET**. iOHa»b»A> 

« * -C «7)«B t S tt if miLft ^. r « J: 5 4 K«3i ' * 
©^£pg lt fcfflH&ftfciis c: fc#*H»5. 

[ooi5it:f. §f**3tis«?©E*§j«ste, 
tttcfs^i-5 0 -^©±-e, BE**aaai±, hsies 

c©i:£, »T&t'<t*jE/<7P t -i'©* 

[0016] «§t*S4» m^A^m.nmte. m 
#* 1 tEDt©*^* / 7 tos^r, wmstt^s 

14, *ft«tt«fc#*fc rffifi«F**Y 

* (g, hiftlic) ^attHMtiU fcf^hffW*© 

Effi#3-*£;feTlitf)-C*£/<7 >-^0-«tftS+ 

5 ifeiitf:>;T;& fc , «tMis#SK i 9 7 ^ - # 

$C©tti:fclH«5£fc, hE*<OfiS$:*>-CI±i{>tV 
S 0 fl*£/<7^ fc&£1-3»/<7 * -*«GJ£^K 

X) t*t/<7^-^c, g, htcoraic, v>1*4xtft 

!5«WEH*4S^T-i±, *1\ «itHfc#ftT*i^fc.L 
jE©<fc 5 &*@KM&Kr* hE^R#C0ES§^fi?rfcT 
(±*51t^i>J, *S^7^-^c, g, h©ft©- 
5. ^©JiT\ E^&gsBte, T7. b&ffi<D 
SSSrMfliatfc-CttftT, »9©*^<7^-^S:ft 
;©*£, Hfl^«:aiv*-Cito£+'<£*£'<7 

[0018] «ffr*Jf 5 }) 5 te«©3SH ft- IS 
*3SllcfBiJdOS^7J^7lci3^-c, BM&j£*t£#& 

r**^7J«-^ia (ghffl, hcp,g, *fc{4 
c s m) nmmi tKm^x, *&.*7*-t 

S 5 4 , S 5 8 ) . 

iooi9] *M<v%m&, 'mtzmftm mi 



0 ttH 2001-78-192 

6 

0~H12) e»t J: 5 1, 5teE/<?>-*«fc, wf 

hbkm js±t5 rm«aj A^/isas^c f-* he 

g, hO«ft«1-«. i©t§3\ SALfc«SliB«© 

(0020] CH#ig 6 » Sf*« 6 KSB*o*Wl±, ffi 
10 2, 4, StD^-ftU^lKDW^A^^^fc^ 

■c. a«aat£¥a(±. *£^7^-*©&£iMi«3 

^-^hO€S:aS1-5-ife«»t1-S (^7/S 
11, S 1 2) . 

[o o 2 1 ] hm&mmmmm.W)tf$*h 

0B£-crc<Oj fcfc**— xiMH*S*i«. 

Effi^^^-? rx=- c j iza^x. mmmrn 

YH>s*mk\z%ffrt-& k ^ 7 v ^SISttJfcBafiRSi: 4 
20 5„ »**6fcB<ft©£Ett«ia»tflt, *J&* 

7^-^©*^®S^*5^T f c <0J 
TcSOjl i45±5fc*£/'«7V-*h©ttfcntt1- 

«8Sri^^Tl4, ttRW 6 S <cflt«: fc S r ^ »Tffi-e* " 
5„ UfcjjioT. *^7^-^h$rM-rsr.tlcJ: 

*g». #mw£m&xzmxh* : )m,mmm 

30 [0 0 2 2] «Sf#«7»it*«7|J:|a*©EftK*t 
[4, nytV^, ff*JSl4VNtff*Jl6©^-f^ 
1 *KB«0ffi«*y!ttt LT«^-frafc*©!ii^ 
«ia7*o^5A*SEft5ix5. ftST'tt, ®^7JP<7 

tr) i*»e>45^rAtUT«fSS*T,5«t>#v\ ; & 

*if 7 I^EttwEft!S*^fflv^TE«agi5?-^1-5 
Ittit), SI** 1 ~ 6 tE«©m-?-7J ^ 7 5:BPMi^ 

40 {flCfclr^ E^^ffi^^^tfcg^lCIl, a^-*/ 

7, mm. ^^r^^-, 9io7uyyj*K 
k'frhmfcT-vitw&i'X, ^tib<om&r-9\z.ft 

LTII** 1 ~ 6 tE«»38W i K«©HitEI8*KaSr 
[0 023] 

[0 0 2 4] «fS l otSBBNb % i ©KSS^ffifi, ff 
2, 3, 6KB«©«WKa-lSLfc«^*y9 

so <D%ffi.mmx~h5 0 m i n. tt^*^ 7 1 o©it^^sft 



(5) 
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y 1 Ofctt. ifuvXl 1#SWS*V8. HOJH&f 
vXi l ©ttSSHiitt. SHfetR^i 3asEBSix5. r 

ffiaan 1 5 , a/d^^S! 1 6 , mmm 1 7 srwt 

ftg&l 8(C4x.t^6 0 E»a$l 8(4, r©Htfc 
f-^^JPEGffltt, Eftai9lifflA1-5. IB 
tt8B19Hu E3§£ftfcH$lT-#t:, K 

[0 0 2 5] 1 OfcHt, ->7-TA=iy 

5 fc»0>ftfftP# 2 4 ft JftfSgW Ei 2~ 3 It, 

mat&Ji&s 1 8 iz.mm&s.mmftmwi-2>-$Lh.m 

[oo2 6] Uf^ys i] s-f, JHtamfifi 8 

wifK!g:£ fine, normal, basic* if) * 

JW&+6. 814, ckoskkskjsx-c, 20 

BSffiSMi Cir-tii, i/4 JE», 1/8E8I, 1/ 
16 El®) ESS&aSBl 814, lO'Htff 

• BffiiK XfOff^fflSspan 

• ^11^^-/1-7 7^^ SF 1 

[>r-y 7°S 2] ESs&aSUSte, ^fyVsifl 

^77^SF 1 £S C-t, I«Eff ffi©*Ffcr- 

[^fy/S 3] j£tt&l£Bl 8J4, f-E^fflroft 
^f-^iffl^T, Httv^SrJPEGJEESI- 
5 0 ESs&a^ 1 8 (4, r<0ffijB«ffla©7r'f^'r 
Xs l frB*1-5. 

[^Ty/S4] Effi^affil 814, 1III#<Dx7^E* 



2*«]£+5. 4*S, ilT'WS^#lffito^Ti4, * 

i^ffiMLfc#S¥l 0- 2 8 4 5 3 l*C»L<aW* 

[0 0 2 7] [Xf?7S5] E^&aSfll 8(4, r© 

7 £ ^ S F 2 tTPSftS FminT"Si]PS1-5» 
[7fy7S6] E«gg?18f4, ^x-y/SlT'il 

[Xfy'/S7] Efgffi&gBl 8(4, "*ftfcST-fhx- 
7>-£ffl^-C, Wfrf-^fcJ PEGEffi1"5o Effi*& 

18 (4, E«ft«7r'fA'1l-'<^S2t3att1-6. 
[^T?/S8] E^agSl 8(4, EffilMXS 2;$* 

E^iM XS 2£Stt$ffiBSspan*> bfl-ttTV>fc«-g\ 
ESs&agSl 8(4xr-y7"S 9!^Sifp4:^tTi-S 0 - 
7J, ESSiM'XS 2#fF£&iiSspanfcL«5l*ofc#&. 
0 gffiiQSfflSl 8(4, BfgroH«E8as£TLfcfcW*fl, 

[^f?^S 9] E^aS! 1 8 14, r4-II«>flE*as B 

S F 2#TR«S F«int£«U»J ^£1" 

Mfcf*-* (4, »«ft©««K'><e^i«*4 1 o-e&* 
t:t-, E»sgci 8t4, ftftnpiift 

«SjSSL.Jfc^ofc»&. E»agP18(4, ^■y/S 

[Xr-y/SlO] E8M&18I4, *1"*^/<7J« 

OBBOMCt^ 2^©tX hEttttJb (SF 1, S 
1), (SF2, S2) *rftA+«-fcCJ:9, 
S 1 =g/ (c + SF 1) +h0 • - • [2] 

S 2=g/ (c + SF 2) +h0 • • • [3] 

-6 5 #b4x5„ E»89U 8 (4, :oS;S:«^t, 



= [SF2 (S2-h0) -SF 1 (Sl-hO) ] / (S1-S2) 



[4] 



[5] 



g= (c + SF2) (S2-h0) 

[0 0 2 81 [Xfy7S 1 1] Elfi&Sffli 1 814, ft 

X\ *£/<7/i-*c Efg&amstt, 

LT, xfy^S 1 ZlcmttZWtttZ, 
5^->ci!ItfttHJD»t&. E«aSi518l4, 

h= [S 2. (c0 + SF2) -S.l (cO + SFl) ] / (SF2-SF 1) 

• • • [8] 



Or 7^5 12] Effi*aaiii5 1 8 14, c 

c0 (fcfe'LcOSO) tlEJEt*. 2 

B^Of'XhEBBg* (SF1, SI) , (S F 2, S 
2) «rftXt«wfcti!!, 

S l=g/ (cO + SFl) +h • ■ • [6] 

S2 = g/ (c0 + SF2) +h • • - [7] 

E^a$ui8t4, roat*v^T. 



g= (c 0 + SF2) (S2-h) 
m<0*M'<7t-9g, hftftJtr.S. ft 

[xr^s l 3] E*gfe&g|5 l 8 tt, %fe'<y/~? 
c g, h©StSLfcfflff*4r. *S«:ffl^Ti5!»L, 
SF3=g/ (T-~h) -c ••■[10] 

(fcfcU rT=E»«T»H*flF*»XB«E«s(iJ -e 
&5 0 ) 

SF3-t*ftS. [*ry7"S 1 4] E»a*Pl 8 
tt, ZO^tr-^y 7^3F3 SrTPSttS FminT-fi] 

[0 0 2 9] [^T^S 1 5] BE^agEl 8tt, X 

[xt^S l 6] \±mtim.% 1 8 tt, *»fc*Hsr 
-7>£ffl^-C, BHftr-* * J PEGEfSg-fS,, EH 
.#yi&|518tt, ES§^<07 7'T^f-'f XS 3Sr|Efti- 20 
5o 

[xry/S 1 7] JBSMU 8tt, ffiltlM'Xsa 
ASttSftH S bpu&RS o fc WF4>tfl£t 5. ' - 

So «t^XS3^rf^fflSspan(CltZ4ofc 
»£\ E»*&a»18tt, jffS<oHflUE«#£TLfcfc 

Ury/S 1 8] EESiMiSU 8 It, R-0<OE^ 

mM®ms:*)hiihmx*hz>i ^ m-wto 30 

^SF3*TI»*SFiuit»U»J ^St4*>5*> 

a a. Ee&asistt, §&cde 

«fk**to-Ciii«BB«riT%«15. Ji!E»5 
j£ftLfc;ft»ofc*a\ JEB«UI»U 8tt, *ry7°S 1 

9 \mmw^%» 

L^Ty-fS 1 9] JBSfeSgSl 8tt, ^t-^S IV 

7.>T-)\>y7V9 SF4&SDT, fi^T-TVi-Sr* 40 

[^f^S2 0] EffiMa$l 8tt, #ftfci:iHfcr 
-7>£$^T, HttT*-^* JPEGBS-t-5. EH 
&a95 1 8 tt, Emm y 7 4 X S 4 

a„ 

[0 0 3 0] [Xx->7'S2 1] ESt^aSPl 8tt, E 
»-9-WXS4iW (flFg«5fflSspan0>±HI) »TtR*o 

ttBSspan©±R) *±HoT<f»fc»£\ EEttKl« 1 
8exfy/S2 2«^ifft5. EfllM 50 



• • • [9] 

XS4A5 (fFSM&fflSspan<»±K) tiR4 5i:^5ittv^ 
*fl=«r«fcLfc»£\ E«S$18tt, jSS©B«ffi 

E^y7 F S2 2] ffl8««»18», rriT'CDEffi 
StfT0fti»s«iJKIsI«Sra*fcA^i>Sr*ij3ei-5, t 
fflK0*fr8i-C^fc'»G\ iE««Hlttl 8fi, SK<0 

e«^s^%ot, minmzfthmz, smb® 

«**ifflBxLT^ft^»£\ E2f4&S^l 8tt, 

[xr->7*s 2 3] E»ag6i 8tt, gts©*^-^ 

77**SF4*Br£flF (fihttfl, 5») UT, ftff 
£xr-y7°S 1 9fcRf. 

61-kRW LfcHt ©ftftfc i 0 , Sg 1 OSNDM-Cfit, 
[003 1] (9i <omsmn^t£ t') H 4 «FC* 

affiiJ&ttfia**--^ 7??SF 3 lrlE*K:iWE+ 
5itA5^ffiift5. ttz, mnXBsmttt. * 
r. *J&^7y-^feh«r*l|ltth0I^J&t5. Ufc 

T. »90*S^5^-#c. gfcftS£t « 

6„ S&fc, ^l»*JS^T'tt, i<7>J:pft*£/<7 

ofc«^. ffA^^cScO (60) \cmX, 

t, e Ci#ft<. 

[00 32] (ffi 2 Q»B6i} jR 2 ©IBtJgllJt, If 

*s i . 4 i^eiEoaiflcwj&Lfcs^* ^ 7©^» 
St-^5„ ftfo\ t^^atwfWiia. mi 

Tzvmm<o&.m'(Xk&*y}—s' 

eg, hiotS|ffi#^W6tJ3< 0 

flS**fta«b'JPEGffi«tr»OaU (X-7-/V77 
tt, r©±5KfC*ftfc#7 i ^hB*0|6aB^-i'Sr 



Mr- * t mm. t omm-mm'b 1 & 

g, h£*#3 0 

ml, ffla^ (*fc(±T-^>x-^) ^mih^l 

[0 0 3 3] [^fy7'S3l] Sf, l±ifeiail8 
It, B«E«*fc:*tt&LT, A'Trf *SF 

i (;;tusfi=o. D 5. 

[^Ti-ys 3 2] EHMS&l 8 It, |JJ$X7~^7 
7^SF1 -eiS^r-^ tr J P E Gf£%etZ. 

[xry7s 3 3] mm&mmi sit. liggroE^t 
. -r xs i asia£Ett*©«fflfciR* ofc*»sa»fc!fli£i" 

fftWitS. BEIMvfXS l#B«Elt*«>* 
fflrtKlRSofcJt*, EEftUHRl 8 It, j?rSI©iIifcE 
»&7Lfc£«fLT, BE««fft»7t5. 
Ufy7S3 4] ESSMSgfl 1 8 ft, fflf^XSl 
Sr. ?Jt>#ftT*}^fc«fflBBfli (El 6, H7) <0iHEl5£ 
ft£fc*>-Ctt*. *£'<7*-*g, h 

[0 0 3 4] Ory7"S3 5] ESJ&SS 1 8 tt, * 

bEfis^S: (SF1, SI) SrttALT, 

[^f^S36] ESMSSfl 1 8 ft, *^/<7^-^ 

»5fc»fcSW4*7--*77?*SF2fr*ffi+5. 

Or 3 7] E»agI51 8ft. X7—/V7 7 9 
^SF 2T'iimf ? -^5rJ PEGE^1"5„ 

Ory7°S 3 8] i£££9ttl 8(±, 2@g«EI§f- 
*f Xs 2A» B«ffi«*(0«fflt«J*ofc^A>€:fl|J&f 

^tvtWcg-g-. Efg&a&l SHXf^S 3 9K» 

HrtKJR£ofc»£. E^«LaifP 1 8 14, MSroil&E 
«f*s^7Lfct«»fL-C, Efi»^**7l-5. 
[^fy7"S3 9] E«SgU 8(1, ^f'/7'S3 4 

Tf«JEtfcgft*fflLfcflMKK, 2(eI^roxxSEiig 
feft(SFl, SI) (SF2, S2) £ftALT, S 



[xf^S4 0] EJS&a&l 8H, *£^7^~* 
eg, hOWfeLfcBffitSrffifliLT. S*IE«£ 
fcSfcftKaSJfc**-*^ S F 3 

[0 0 3 5] [XX77S4 l] Ef^Stm 8ft, X 
^77^*SF3fi*f-#4:JPEG£Elt 

[XT-77S4 2] J£t8«a9l 811, 3lHl@OE» 
-fXS 3A5H«E»©&EI'i(2Sofc^^^j^1- 

10 flivO *fc«£. E»3Slfii 1 8 (txr 7 7 S 4 3 e» 

Brtfctt*ofc*£. E&ft&tti Bit BrSoBfeE 

[XX 77 S 4 3] Effi^SBl 8 ft. B9ft$£, 3 m 
aWT^hESg* (SFl, SI) (SF2, S2) 
(SF3, S3) fcftALT, c, g, 

[X7 77S4 4] Btmxmm stt> *fe'<7/~? 

20 #5fc»ta«Ii:JBt>ii5^^'rA'77^^SF4S:|[ 

airs. 

[7.T77S4 5] E«*QJiSBl 8lt, x*-*7r# 
* S F 4 T-H^r- * tr J P E GEHt 5. 

[0 0 3 6] (g2e&tt£aaft&£) »2«*ft 
mx-\i, t-f, xxh-E^roE^r^Xsi^, * 
*WWK**T*v»fcttHHfli (06, H7) ©EK 
30 StfcJt>Ttt*T*^$^-^ gf ^© 

It, 3®Broii»E^!-3fcoT, roto(-*:£Lfc 

[0037] ((^3 £ 3 ooH»Kt, If 

ffiT'fcS. 4*5, a^*^7iL-TO«EK«*tt; mi 
om&J&M (ID fcHCtft. rrT?©RW4r**t 

a»#*, «-/<7>-^c, g , hn<o«BiBift«ft^ 



(8) 

13 

ft***#feJPEGE««TV\ T 9 

9, EffiiMX) ©SHHt*-* H5tt. 

®M3§#(1. hH«^tcaiiI#»«ft1fv\ * 

7*-*c, g, h£*&3 0 10 

7dyhU, !Sl O-Ol 2(C*ti5 43ffiS©ffi 

©iMll, HI 0~H1 2fflffiiiBMR«r*^Z»»4 
i?"Cfifl3U iSlfla (Sfclir-7>7*-*) mffim 

6Lh»4NGKJ:»>. Wl/J 5 ^T1-Sc BHft, E« 

i s^mmmmifmrn-r^mmr-h 
5. &T> *«Mo«f»-e*>*iii«Ettllif^co^-r» 20 
a 1 4 • 

[0 0 3 8] [^T'^S 5 1] Si*. E«*ffl«l 8 
[^fy/S5 2] E^M8g(il8(4, ^7 

7 * #- s f 1 t-h&t-^ * j p e omm-r 6„ 

[Xf y7"S 5 3] E»8SM 811, l@B©JBBt 
>fXS ltfBttBEffi*©raKR£o&M$a>**i£t 

*tl-0*fc*«\ EE«f«yi»18f±^7 l ?7 , S5 4t» 30 

|BrtlaRiofc«^, E»SS(S1 8(1, 0r3©*&& 

t^T^S 54] EUt&SgBl 8(1. l@#©xXh 

ffi (El 10, Hll) ©iEKattrssstf-c**, * 
*/<9^-#c. g, h 

[0 0 3 9] [X7 l S'7'S5 5] Ejg&SSBl 8(1. * 

[7f 5 6] EEfSjUyggB 1 8 II, ^~ivy 7 ^ 
9 S F 2 -CjB&r-* * J p E Gffffi-rs,, 

$. ::t\ BI8ir>fXS2 4t.BSffili*«)«fflrt.A»e. 

*WvC^fc»&\ SJUEafl! 1 8 I1XT*7-S 5 8 iriS 
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t>T5>7"S 5 8] EBRfe93l 8(1, 2[s]#©7Xh 

& (110) ©iSflSifcaSStfT**, *5e/-7p( 
-*c, g, hfc«j£1-5 0 
Uf^S5 9] 8(1, *£/<7*-* 

c> g , htDmLmmzmLx, b«ebr#* 

Ut 5 '7S60]|±IMS18I1 TiV-fcyrV 
?SF3 -eMfcr-* £ J P E GE^tS, 
[0040] [7-T-77S6 1] rafeSSPl 811. 3 

©^ffirt^fl-ftTWdl^, ffi»«LSS8i snxr-y 
«E«*©«fflrtl-ift*ofc»^ JEffi&gttl 8(1, 

[XT77°S6 2] E««S«1 8(4, Hftaii. 30 
&<Df^ HiSS (SF1, SI) (S F 2, S2) 

(SF3, S3) SrftAL-Cfct. *^7^-^c 
g, h£fc£t5. 

[xf?7"S6 33 ffi£&9ffil 8(1, 
c. g, h©«tStfc|i«^ffi»LT, @S?E»£ 
*5fc»lcMl4**— *7 r * * S F 4 Sr*tH1-£ 0 

[XT7 7°S6 4] EJt&SSlil 8(4. X^-A-7 7* 
?SF4tIftf-?l:J PEGBEtf+S. 
»±«?-il©flff K 1 9 , £ 3 ro*Mngffl»cfc-^T fc , 

[0041] (* 3 © jB6jt?«©ss*4 a $ 3 (DW& 

ffm-C'd, Tfcttfhftfc#»T*i^fc«HI§§« (01 

o , mil) mm* riiao.f^ hEfgromisc 

SrSM*«C»f 5 r t 45. 

[00421 mem»mjL*%)i 4*5, ±js t/t* 
mtzWiSt^xmwLtzfiK nxfcRjfeSiisfc 

wetl4v\ -JSt, E^S*S:a©7°P-fextti^TE8 
t wBMR^ffi S 4 5 J; 5 4 ^E^< 7 > 

(1, *3B(B©BE«iH*t LT, Blir-^f^f^ 

BSSii5t»«>T?(±4v\ lifeT-^©iij*7 
p Srft»© 1 gJStW^l^fc^tt-CTX hEffiSrff 

ttflit-ctJiK se>t» ±aiL/-c:iite^iT'(i. 
* ^ 7 1 i,x<o*mn&m ut^. - ^(cpis^ii 

5t©T*H4^„ Mx.ll, g|2~3, 19, il4W> 

■rti*»-o©S£ixH*H*«Hi7'B if 7 a t txtaai 



[004 3] 

= g / (x + c) +hj -flHH1-5;:fcK:J:0» 
*-^S:^i- rE*'<7*-*X£BlBff*HfcYi:©ll§ 

5±T?anEiSfeh3^/*7^-*X 
[0 0 4 4] S*Jj[2Ce«fl)5SWeH:. *J6^7^- 

[0 0 4 5] »#«3 WE*©$89J-ett. 

*£•*-«. ::©»£, fett^*^^-*©^ 
jots©?, 7 i ^hE«©ia*fca*wk:«f5ifc# 

[00463 »#«4 t«it©»M-ett, r % hi±mm 
©e«#**& mmn^iY b*&-y ton 

BHB«J C*>Ttt*T*36/<5^-#c g, hco-SB 

[0 0 4 7] tt*ig 5 KS*©«MT?tt, r*^7 ^ 
*c g, h©fi[*ifcjrt-«. *ALfc|SM 
[0 0 4 8] M**6 tS«©«Wtt, *S^7^ 



[00 4 9] fflgg 7 KJB«©IE»«IE#«:ffifflr5 r t 
CtO. =>yfo.-^±T\ K#«l*l^LSI#*6© 

5. 

[BB©ft¥ftHn] 
1T*$>5„ 

10 [H2] «10HS»||lij3ft5B«ffi(ffiifPS:aMt- 

[0 3] »l©*«gjBt«rJ5BttE««fP*Ri!Bi- 
5»£2xl Ctt¥) T-feSo 

[14] »igitt3l?lltK:i3V^*£LfcBifli*S:7*ny 

[1 5 } ZmteT* K®^irov^c/7y-^7 7 * * 

[16] frx hEJ6$©E*RF3*| t r*^v/ 
-*gj fc©ffiB§Klft&*'tlI]T*;b5 1 > 

20 [i7] r^x t>sMR»nsmH4j t r*3£'<7> 

[18.] frT, hEEIM0SlMF9tl i r*£'<7* 
[El 9 ] % 2 © 3Sfc««Ec:feit5H«raMllifls*tt(JiJ1- 

[no] r*s^7^-#gj fc r*s^7 7«-# 
[in] r^^-^cja^?^? 

30 [112] r*£'<7J>-?cJ t T#£'<7*-9 
hj fc©*BI!flBBiSSr*tB-CfcS. 
[1131 *£/<7^-*c©lB#fcSW1-5fc»©BI 
X-fo6„ 

[1 1 4 ] % 3 ©KJSJfmt^ttSHfeEffiSi^^ift^ 

[$^©tMfn 

10 

18 E«l^ 
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